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I, Miri Seiberg, am a Distinguished Research Fellow in the Skin Research Center at Johnson 
& Johnson Consumer Companies, Inc. My education includes a Ph.D. in Molecular Biology from 
The Weizmann Institute of Science, Rehovot, Israel, in collaboration with Princeton University, 
Princeton, NJ and a B. S. in life Sciences from Tel-Aviv University, Tel-Aviv, Israel. 

1 . Ethylene oxide (ETO) is an agent known to cause protein denaturation. As 
summarized in the book " ^Maflaa of Pharmaceutical Processes- Stenle Vm*^* <^~ H *^~n 
by Carleton (Hardcover - Nov. 5, 1998), p.367, section 3, (a copy of which is attached hereto as 
Exhibit A) sterilization by ETO is based on the chemical reactions between ETO and proteins, 
which modify the proteins so «. . . their modifications by ETO will disrupt or destroy the protein's 
activity". Thus, one of ordinary skill in the art at the time the invention was made would have 
known that exposure of soy protein isolate powder to ETO, as set forth in the Jin publication, 
would have caused the denaturation of proteins existing in the soy protein isolate. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 



fine or imprisonment, or both, under Section 1001 of title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
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A. METHOD SELECTION 

Selection of an appropriate sterilization method is based on such items as the effect of the 
method on product quality or esthetics, regulatory requirements, industry practice, the eco- 
nomics of the sterilization process, and the logistics of sterilization compared with those of 
the overall manufacturing process 17-10]. For example, thermolabile liquids are typically 
sterilized by nitration. The guiding phrase in the regulated manufacture of drugs and med- 
ical devices is safe and effective. These simple words form the basis of a complex network 
of statutes and regulations that dictate many of the practices and procedures employed in 
the Pharmaceutical industry. Any sterilization method that compromises the safety or the 
effectiveness of the product is precluded from use. There are situations, however, when a 
property of the product unrelated to either safety or effectiveness may be altered by a given 
sterilization method. To illustrate this, consider plastics, which are commonly used in the 
production of medical devices. The sterilization methods typically applied to these devices 
are either ethylene oxide or ionizing radiation. Some plastics, when exposed to high doses 
of ionizing radiation, will discolor. Although this may not affect the performance of a 
device, it can result in a cosmetic change that may be unacceptable. In this circumstance 
ethylene oxide may then become the method of choke. 

Clearly, an important consideration in manufacturing processes is the economic 
effect of each process step on the cost of the final product Thus, process development per- 
sonnel strive to choose steps, or unit operations that are cost-effective. When the option of 
more than one sterilization method is open to the process engineer, he or she will usually 
select the least costly method (in terms of price, time, or test requirements). Moreover, any 
one sterilization method's economics can be optimized (minimized) by proper design of the 
sterilization process. For example, in sterile nitration, different combinations of prefilters 
with the final sterilizing filter can change the economics of the process. Generally, prefilters 
are cheaper than sterilizing filters, so the most economical system uses sufficient prefiltra- 
tion to prevent plugging of the final filter. 



B. MECHANISMS OF DESTRUCTION AND REMOVAL 

In the broadest sense, all sterilization methods perform identically; they all render products 
sterile. Close examination of the individual methods demonstrates that each operates in a 
different manner. This section describes the biological basis of microbial removal or 
destruction for each of the five major methods of sterilization: moist heat, dry heat, steri- 
lant gas or vapor, ionizing radiation, and filtration. 

1. Moist Heat 

Moist heat, or steam under pressure, is the most studied method of sterilization. First devel- 
oped by Pasteur and Oiamberlam, in the late 1800s. it has been characterized ,n terms of 
its operational parameters, predictability, and mode of action. As with all sterilization meth- 
ods, the cellular function that is of primary interest is reproduction (no reproduction means 
no growth). The reproductive process of microorganisms is directed by nucleic acids (DNA 
and RNA) and mediated by enzymes—protein biocatalysts— which, among other things, 
direct nucleic acid synthesis and the construction of cellular components. Generally speak- 
ing, the three-dimensional (tertiary) structure of proteins, especially enzymes, determines 
their function. This structure is the result of the primary linear arrangement of amino acids, 
each of which has different chemical properties. When proteins are formed, the sequence' 
of amino acids dictates the shape of the protein. This is because the individual amino acids 
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interact with each other and their aqueous environment to yield the most stable shape If the 
shape of the protein is changed after its formation (e.g.. through protein denaturation), then 
its function changes. Often this change is irreversible and results in nonfunctional^. 
Cooked egg whites are an example of irreversible protein d-» - • 



C 6S "Hues are an example of irreversible protein denaturation. 
During moist heat sterilization, it is the irreversible denaturation of vital enzymes that 
results m ceil death Both water vapor and elevated temperature are required to effectively 
denature proteins (kill cells). If water vapor is present, much lower temperatures are 
required I in heat stenlization. Generally, moist-heat sterilization is performed with water- 
saturated steam under pressure [15 psig (1.03 bar). 121. PC]. The water vapor contributes 
to the available heat at any temperature (e.g., saturated steam at 121. PC provides at least 
seven times as much available beat as air at the same temperature). This alone, however 
does not explain the efficiency of kill for moist heat The water vapor also interacts directly 
with the protein at the elevated temperature to denature it. The exact protein or proteins that 
are rendered nonfunctional by moist-heat sterilization are largely unknown, but from a 
practical standpoint, this is unimportant. The process of cell destruction is predictable and 
reproducible under defined conditions of operation. 

2. Dry Heat 

Dry heat is used to sterilize materials, such as glassware, metal parts, dry powders, and 
other substances, that can withstand heat. The lack of moisture in this sterilization process 
^fS»r h "? is, - heat ^rilization, necessitates higher temperatures, on the order of 
160 -1 7(TC. and longer time periods. Sterilization by dry heat actually represents an incin- 
eration process during which the cells are destroyed. This is generally considered an oxida- 
se process during which the cellular components are destroyed at elevated temperatures. 
Other factors that may play a role include water content, water location within the spore or 
cell, and poss.ble effects on DNA. Again, the exact site of action is unknown, but the 
process is predictable and reliable. 

3. Sterilant Gas or Vapor 

Sterilant gases and vapors, such as ethylene oxide (EtO), formaldehyde, vaporous hydro- 
gen peroxide (VHP), and peracetic acid, are used for a variety of applications in aseptic pro- 
cessing. Gaseous and vaporous s.erilants are most often used for heat-labile or radiation- 
incompatible plastic containers, closures, and drug delivery systems, as welt as for sterility 
test isolators, manufacturing isolator systems, lyopbilizers, and medical devices Because 
ethylene oxide and VHP are the most commonly encountered gaseous or vaporous steri- 
lant* in aseptic processing, their microbiocidal effects are described in this section 

Ethylene oxide is the most commonly used gaseous sterilant. It works through a 
chemical reaction with cellular components, such as nucleic acids and macromolecules lis 
chemical actmty is as an alkylating agent, and it is through this mechanism, acting on 
nucleic acids, that it is thought to kill cells. EtO replaces labile hydrogen atoms with 
hydroxy ethyl (^CH 3 CH,OH) groups. Macromolecules, such as proteins contain functional 
groups, such as carboxyl (-COOH). hydroxy! (-OH), sulfhydryi (-SH). and amino (-NH,) 
the hydrogens of which are labile to alkylation. Because many of these groups play „ 
important role in protein structure and function, their modification by EtO will disrupt or 
destroy the protein's activity. If the protein is vital tocell replication, then death occurs after 
activity is lost. Interestingly, some studies have shown EtO to be almost as effective against 
spores as ft is against vegetative cells. The predictive results of EtO on spores of Bacillus 
subaln var. ni*er are the basis of this bacterium being chosen as the indicator microorgan- 
ism for this method of sterilization. 



The vaporous phase of liquid hydrogen peroxide (H^; VHP) is widely used for the 
surfece stenhzation of isolator, and. when optimized with puked vacuum £ck* ZZ 

tor liquids owing to condensation. 
Oj" + HjOj — OH- + OH- + Oj 



^.In*"* 0 " ^ W 8 to * by gamma rays 



f,rr^,^^^^ , , efeCtronS SWke ^ e,eCtroaS ^ 11,6 *Wch, >n turn 

stnkc other electrons resulting in ionization and (be formation of free radicals 

Large orgaruc molecules, such as DNA, appear to be particularly susceptible to ion- 
txmg radiation. Because DNA is the essential template oT U^SS ^2 

£S iS^f ^ 00 ««amc molecules appear to be boS S- 

«on and free radical formation. Indirect effecu are attributed to reaction product, product 
by ^mzatton and water (e.g.. hydroxyl radicals and peroxide,). These b££££^ 
pounds ^nmteract with macromolecules and disrupt their activity. It appears, however 
^ f^^Tf^. withDNAarcmore toponan,. The sensitivity ofTSaoorgX' 

5. Filtration 

Sterilisation by filtration represents a special case relative to mechanism of action. In con- 
trast w.th the od*r methods described An, far. filtration relieson^physiS^aTS 
microorganisms, rather than their cfesuuetion. Filtration, c*vic*siy iLedTS 
restrains microorganisms a, the flu.d passes through a filter. The mechanism of removal is 
a fiuxtton of filter type. Depth filters, composed of fibers randomly p^L^X 
~' m, J 0 T 0lS ^. by " COmbinaUon of "^^Ption and enm^tVmehTrWl 
Membrane filters, formed by , controlled polymerT^tion proceTc^ 
n*am nucroorgamsms by stevmg. entrapment, or adsorption, or a combtuaticTLreof 

^ahT™;, 3 C °f ,0atkm ° f ^ ""I™ n.ecaamsnts. is one of tocnS 
reliable removal mechanisms operating in all fluids. 

It * critical that the appropriate biological indicator and processing conditions are 
«m of removal in a membrane filter. chan« M i„ fh.^ "~ !\ 



■ ' ~ « * 'ucmonroe naer. cnanges in mud physicochemical prooerties could 
^todesorburebtologkalindic^censand 



